Poor smallholder farmers in Uganda live at or below subsistence level. They are vulnerable to multiple risks and insecurities and have limited access to capital markets and insurance. Their asset base is a reflection of the economic conditions of the farming households. In this article we propose a model to estimate household and individual sequencing patterns in asset acquisition among rural smallholder farmers in Uganda using only cross-section data. The principal assumption underlying the model is that people tend to accumulate assets in a particular dominant order, which could arise from a combination of indivisibilities and missing capital markets. The model is applied to a field-survey dataset consisting of 938 farm households from three districts in Uganda. The assets included are simple count data of household durables, clothing and agricultural tools. The model predicts the distribution of asset ownership, conditional on the number of assets owned. The estimated model predicts highly concentrated conditional distributions, consistent with the assumption of sequencing patterns of asset acquisition. Based on the sequencing patterns the paper proposes a low-cost poverty monitoring instrument using only asset count data.
Introduction
Living standards cannot be separated from livelihoods. People who share the same livelihood are likely to face comparable circumstances (opportunities and constraints) in constructing their livelihoods and, as a result, they can be expected to make close to similar decisions with regard to the accumulation of welfare attributes. Welfare attributes are defined as the resources and services that people use to secure and advance their livelihoods (Pouw 2008 ).
1
They may include physical assets and natural resources, schooling, public transport, housing, good health, food, etc. If a process of accumulation is embarked upon, this can be taken as a sign of households becoming less vulnerable or growing out of poverty. The outcome of accumulation decisions is reflected in people's living standards, and depends on people's individual capabilities, assets, access facilities and services and terms of trade.
1 The present article draws upon Pouw (2008) 'The Characterization and Monitoring of Poverty in Rural Uganda'. The approach set forth in this study centers around the three inter-related notions of poverty, vulnerability and destitution.
Consumer budgets of poor households are constrained by lack of (regular) income so that many goods are simply unaffordable to the poor: even at zero consumption levels, marginal utility per monetary unit of these goods is lower than that of the basic necessities a household consumes. Another reason why such corners solutions arise is the indivisibility of consumer durables (e.g. Deaton and Muellbauer 1980) . As a result, the solution of the preference model is not necessarily an interior solution, but mixed. If people are destitute, they might consume only the most basic commodities, including food. Moreover, provided no goods are inferior within a given set, the number of different goods consumed will increase as total expenditure increases. The same would be true for welfare attributes: for a given household and a given set of welfare attributes, one would then expect to find a monotonic relationship between the number of attributes owned (or consumed) and per capita expenditure.
The purpose of this article is to estimate a model that predicts sequencing patterns in individual and household acquisition of assets. The model is applied to a sample population including 938 smallholder farmer households in three rural districts in Uganda, namely
Kapchorwa, Kabarole and Mpigi district. 2 In terms of economic theory, the order of accumulation indicates the relative additional utility of e.g. household durable goods, given that households seek to maximize their current utility. A dominant pattern across households then suggests that households have similar utility functions. An econometric model will be estimated to predict underlying sequencing pattern within sub-sets of welfare attributes, including household durables, clothing items and agricultural tools. Since the data are a cross-section, any sequencing pattern must be estimated from its impact on the observed distribution of welfare attributes. The main caveat for interpreting our results is therefore that there might be other dynamic processes than sequencing patterns that lead to the same distribution of attributes (although we can think of no plausible ones).
If a dominant sequencing pattern can be established within each of the attribute sets and we proceed by the assumption of stable preferences, this would imply that households/individuals can be ranked according to the number of different attributes possessed. This would provide us with a short-cut to a welfare ranking and poverty monitoring instrument collecting simple count data in situations where it may be too time-consuming and costly to collect full consumption expenditure data.
2 The district and sample selection procedures are described in detail in Pouw (2008: Chapter 2).
The Sequencing Problem
We observe households h, in particular a subset A h ⊂ Ω of attributes owned by the household, where { } N ,..., 1 = Ω denotes the set of all possible attributes. We speculate that the attributes in A h have been acquired over a period of time following a particular sequence and that the sequencing is similar for different subjects. Hence, two households or individuals with the same number of attributes also tend to have the same type of attributes. The problem is to reconstruct an underlying 'dominant' sequence order from the data on h A . This problem is similar to problems of sequencing studied in marketing analysis and data mining. Priority patterns -i.e. certain regularities in the order of accumulation, have been studied empirically by Pyatt (1964) , Paroush (1965 ), McFall (1969 , Hebden and Pickering (1974) , Kasulis et al. (1978) , Kasulis (1979) , Clarke and Soutar (1982) with regard to durable goods and financial products. See Dickson et al. (1983) for a good overview of the early works. More recent studies include Mayo and Qualls (1987) , Kamakura et al. (1991) , Knott et al. (2002) and Prinzie and Van den Poel (2003) , amongst others. These studies have a practical relevance to forecast consumer demand for marketing purposes, as well as theoretical relevance by shedding shed light on the economic theory of consumer demand. Studies on priority patterns are either more descriptive (sequences description) or predictive in nature (use of models). In the case of cross-section data being used, Guttman scales or information on household purchase intentions have been used to assess priority patterns. In the case of time series data, different types of models 3 have been used to predict sequential acquisition -see also Prinzie and Van den Poel (2003) . In these models, present ownership (or state of affairs) is often included as a variable to predict future acquisition.
In more recent poverty research, we find that the topic of asset accumulation is gaining more attention. Assets make poor households less vulnerable to risks and shocks. Briefly speaking there are two strands of literature in this field. Firstly, studies with a focus on assets and the development of asset indices to complement income and consumption-based measures of welfare (e.g. Adams 1996 , Moser 2008 , Moser and Felton 2008 . Secondly, studies on sustainable livelihoods to determine in which of the five capital dimensions households make progress over time by building-up assets. Much of this work is on-going research at the time of writing-up this article (e.g. Valdivia et al. 2008) . However, none of these studies on asset accumulation in a poverty context have gone as far as developing a formal model to predict sequencing patterns in asset accumulation. 4 For example, Markov-type models and the New-Product-To-Buy (NPTB) models.
The study underlying this article was carried out in a widespread poverty context and made use of a single cross section of h A observations. Discrete choice analysis is particularly important in the case of cross section studies (Deaton and Muellbauer 1980: 346) , but can also be useful in the case of (very) poor households with short time-horizons. At an increase of income, poor households can be expected to demand more of all durable goods, rather than less. Basically, what is considered is the decision between ownership and non-ownership of particular attributes (or between consumption and non-consumption in the case of food), which is a discrete choice. Each time a household acquires another durable, it passes certain 'threshold expenditure', representing a certain level of income. At lower income levels, nonownership is preferred (see also Deaton and Muellbauer 1980: 367) . The usefulness of such information in poverty studies is that the presence (or absence) of certain attributes in the household can be taken as a proxy of economic conditions (in the recent past).
Data and Model Description
In this section we develop a simple statistical model for analyzing sequencing patterns with a sub-set of the collected cross section data in this study. Out of the seven sets of welfare attributes considered in Pouw (2008) , three ranked highest in a principal component analysis.. 
In other words,
is itself exponentially distributed with parameter ∑ ∈A i i λ and 1-
is the probability of owning a different set A, given that the attribute set owned has the same number of elements Similarly, let
(
The above integral turns out to be analytically solvable. Let (1) will not lead to an analytic expression for P(A). This is not as bad as it looks: for large (potential) attribute sets evaluating the sum in equation (2) The expression is found to be equal to 
Presentation and Discussion of the Results
The model parameters are first estimated for the twenty household durables owned by the households in Kapchorwa, Kabarole and Mpigi district. The results for each district are presented in Tables 1-3 below. Note: For further explanation of the likelihood ratio test, see text. The Chi-square test could not be performed for the items Car, Gas stove, and Television because of too few observations (n ≤ 5). ***Significant at p<0.001; **significant at p<0.01; *significant at p<0.05. Source: own calculations, based on Kapchorwa field-survey (2000).
The value 1 at the top of each list is a normalisation. The items are sorted according to decreasing frequency in the data, which (almost always) corresponds to increasing lambda's.
A hand mill/grinding stone is an exception to this rule in Kapchorwa and Mpigi -a finding that was also noted in an alternative procedure developed in Pouw (2008) . The hierarchy in the durables is clearly visible from the levels in the lambda's. Households acquire beddings, saucepan, chairs, etc. first and much later a lamp, pots for cooking, stove and electric appliances. We test the exponential model in two subsequent steps. First, the estimated lambda parameters are tested for their difference by using the likelihood ratio test. Secondly, a Chisquare goodness of fit test is carried out to test the overall predictive capacity of the model. The test results are also summarized in Tables 1-3 above. Given that we compare a maximized function subject to a restriction to an unrestricted function, it follows that
. The procedure followed is that the estimated lamda's with the restriction imposed that lamda 1 and lamda 2 are equal. The resulting likelihood ratio is then compared with the unrestricted likeihood ratio, etc., with the degrees of freedom equal to 1.
The likelihood ratio statistic is listed in the third column and significant results are flagged.
Through this procedure, we find that 10 levels can be distinguished in the list of twenty household durables in Kapchorwa, 9 levels in Kabarole and 10 in Mpigi district. Comparing these results with the more pragmatic two-by-two statistical test procedure developed in Pouw Tables 4-6 below. The items are sorted according to decreasing frequency in the data, which again leads to increasing lambda values. It is found that in Kapchorwa and Mpigi all lambda's are significantly different leading to 5 different levels in the ranking, and in Kabarole no significant difference is found between slippers and shoes, leading to four distinct levels in the ranking. The number of levels found through the Chi-square test procedure is the same as in the hierarchies presented in Pouw (2008) in the cases of Kabarole and Mpigi district. In the case of Kapchorwa district one additional level is found on the basis of the exponential model, namely between a Pair of Shoes and Slippers. Finally, we apply the same estimation procedure to the attributes category 'agricultural tools'.
The results are presented in Tables 7-9 Table 10 below. The same is done for the biggest groups of households in the Kabarole and Mpigi sample. The results are presented in Tables   11 and 12 below. The GOF test accepts the exponential model. In Kabarole, the model is rejected in two out of five cases and in Mpigi in four out of six. However, it should be noted that in those instances where the exponential model is rejected, the observed data follow the predicted pattern even more strongly than expected (see Tables A.1 -3 in the Appendix). 8 8 Using the exponential distribution for the latent variables therefore leads to expecting a less concentrated distribution over attribute sets than the data show. This suggests using a class of distributions with thinner tails for the latent variables. The GOF test is also carried out for the other two sub-sets of attributes, clothing and agricultural tools. The results for clothing are presented in Tables 13-15 below. In the case of clothing, the model predicted values are accepted in all cases. The test could not be carried out in the case whereby all individuals own all of the five selected clothing and personal items, as there is no difference between the observed and expected frequencies. Tables A .4-A.6 in the Appendix). 
Conclusion
In this article a latent variable model was developed to predict sequencing patterns in acquisition of welfare attributes. The empirical data used are a cross-section of three sub-sets of asset data -household durables, clothing and personal items, and agricultural tools. The model parameters were estimated at the individual and household level for each of the three districts covered in the field-survey. The estimated parameter values confirm the presupposed sequencing pattern. The hierarchy in the data is clearly visible from the levels in the estimated parameters for all three sub-sets of attribute data. Subsequently, the model was tested in two steps. First, a Likelihood Ratio test was used to assess the significance of difference between the estimated parameters. The test results subscribe to earlier findings with regard to the established hierarchies in Pouw 2008 . However, in a number of cases one additional level in the hierarchy was distinguished on the basis of the model. This leads us to conclude that the model is slightly more sensitive in picking-up differences than the simple two-by-two test Chi-square test for measure of distance as developed in Pouw (2008) .
Second, a Goodness-of-Fit test was carried out to test the adequacy of the exponential model.
The test results were positive as well (for those frequency categories that could be included in the tests); in those instances where the null hypothesis was rejected it was found that the observed values followed the implied sequencing pattern even more strongly than the expected values. We therefore conclude that the model generally worked well to detect sequencing patterns in asset acquisition by poor smallholder farmers in Uganda, in the case of three selected districts.
The caveats to this model concern the implicit assumptions of constant prices, the possible inclusion of inferior goods and the fact that we take into account only presence of certain assets, but not their number. The first caveat requires more research by using time series data, including information on price changes, to test whether sequencing patterns are consistent to price variations. The second caveat would require the inclusion of (more) higher income groups to see whether certain goods become inferior at higher levels of welfare. 18 The third caveat could be addressed by collecting additional information on number of assets and take into account household size and composition effects.
As to the wider application of the underlying notion of sequencing patterns in asset accumulation in poverty research, the findings indicate that in any asset index or underlying survey instrument developed it would make sense to choose assets intelligently. There are categories of assets that are representative of different welfare levels. If one wants to take into account the heterogeneity below the poverty line, one has to include different categories of 'poor people's assets' instead of 'rich people's assets' only. Moreover, when taking into account people's productive assets (e.g. agricultural tools) the choice of assets should reflect the dominant form of livelihoods of the people concerned. This might well lead to the development of regional asset indices as, in the case of Ugandan smallholder farmers, agricultural production patterns and ecological patterns can differentiate substantially across region. Furthermore, the approach would enable a rapid welfare assessment of people's productive asset base and dynamics over time if time series data are made available. This would shed light on the different kinds of livelihood strategies adopted and potential 'pathways out of poverty'. 
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